It is known that the Ishimori-I equation, which is the (2+1)-dimensional generalization of the classical continuous Heisenberg ferromagnet equation, has various localized solutions such as the dromion, lump and rationally-exponentially localized solutions. In this paper localized solutions of the Ishimori-I equation are constructed explicitly in terms of grammian determinants by using the binary Darboux transformation, and it is shown that they include not only the multi-soliton (dromion, lump and so on) solutions but also new localized solutions. §1. Introduction
In this paper exact solutions of the Ish-I equation are constructed in terms of grammian determinants by using the binary Darboux transformation ( §2) and it is shown that they contain multi-soliton solutions of the above localized solutions, which correspond to the multi-dromion solutions of the DS-I equation ( § §3 and 4).
In addition we study other localized solutions ( §5).
The binary Darboux transformation was first introduced for the KP and DS equation 4) and applied to construction of the dromion solutions. 6) The binary Darboux transformation for the Ish-I equation was introduced in Ref. 7) .
In this connection, we will touch on the gauge equivalence of the DS equation and the Ish equation. The gauge transformation from the Ish equation to the DS *) Presents address: Venture business Laboratory, Nagoya University, Nagoya 464-01. We introduce an auxiliary linear system for a 2 x 2 matrix valued lJ!:
where
I is the 2 x 2 identity matrix, and [U, Uy] = UUy -UyU. The integrability condition for Eq. (2) yields the Ishimori equation (1). We consider only the case f: = -i, or the Ish-I equation in this paper. Equation (2) has been shown to be covariant with respect to the binary Darboux transformation (BDT2) lJ! f----+ lJ!(l) defined as 7)
where lJ! and lJ!1 are solution matrices of Eq. (2). The symbol * denotes the Hermitian conjugate. The integral operator a-I is defined as the following linear integration:
Since d (L(lJ!b lJ!)) = 0 as can be easily shown, Eq. (4) is independent of integral paths and depends on the initial point (xo, Yo, to) and the final point (x, y, t). C is an arbitrary constant matrix which satisfies the constraint
The transformed coefficients U(l), V 2 (1) and VI (1) are given as Next, the BDT2 is extended to the M-times iterated binary Darboux transfor- (8) where ~ is given as a 2 x 2M matrix consisting of M solution matrices of Eq. (2),
A 2M x 2M matrix AM is defined as (9) (10)
where eM is a 2M x 2M arbitrary constant matrix, which satisfies the constraint We start with the trivial solution of the Ish-I equation
) and ¢(M) are obtained from Eqs. (6) and (7) in the form of where
(15)
The quantities F1 and F2 are defined as the first row and the second row of the 2 x 2M matrix ~ respectively. Equation (14) can be rewritten as
by using the following relation among J, 9 
Moreover, F l , F 2 , AM can be written from Eqs. (9)"'-'(11) as where (17) and (18) are reduced to
Exponential solutions of Eq. (24) are obtained as follows: as Je + "72 ----+ CXl), under the following choice:
where J and K are positive integers. The choice (31) was first introduced by Nimmo in his study of the DS-I equation. 6) §4. Dromion, lump and exponentially-rationally localized solutions
In this section it is shown that the exponential and rational solutions constructed in §3 include three types of localized solutions obtained by the inverse scattering method 2) as the simplest case. This implies that the solutions in §3 are the multisoliton solutions for these three localized solutions. We consider the case that M = 1, 
This implies that a, (3, -y, 8 are arbitrary real constants which satisfy the relation The relation between phase shifts in the plane waves of ¢ and the location of the dromion is also shown to be similar to that in the DS-I equation. 5) However, when 29) and (30). Therefore we obtain the rationally localized solution 2) by substituting the functions
In this paper the solution (32) is called the 'dromion solution' for the localized solution of the DS-I equation. This solution describes a dromion moving with constant velocity (v~, v7J) = -2a(SS(p), SS(q)). When the dromion is stable (or SS(p) = SS(q)
=(a)(b)
Lump solution
into Eqs. (13) 
Exponentially-rationally localized solution
where /-L, (J and 1/ are real, then we obtain the mixed polynomial-exponential decreasing solution.
2 ) This solution is obtained by substituting the functions 
Localized solutions constructed from the superposition of the exponential functions
Because Eq. (24) 
Lump solution changing the minimal values
For simplicity, we consider the case M = 1. The solutions ) (A3 A2 )
) (A3 A2 )
into Eqs. (13) and (16), where e = /1E. -V'fl+a(/12 -v 2 )t+8, and t 1 , t 2 , ')' and 8 are real. This solution describes the lump solution which is moving at a constant speed and for which the minimal values of S3 (1) are changing, as seen from Fig. 6 . §6.
Conclusion
In §2 exact solutions of the Ish-I equation were constructed in the grammian representation by means of the BOT, and in § §3 and 4 it was shown that these solutions include the multi-soliton solutions for localized solutions such as the dromion, the lump and the polynomially-exponent.ially localized solution, which were determined using the inverse scattering method. The construction of exact. solutions for the Ish-I equation by using either the inverse scattering method (ISM) or the BOT is closely connected with the problem of explicitly solving the linear equation
where z = E. (or 'fl). The coefficient 'u(z, t) corresponds to the boundary condition of the auxiliary field 1> at E. (or 'fl) ---+ -00 in the case of the ISM, and the known solution before the transformation is performed in t.he case of the BOT. Therefore t.o obtain the three types of localized solutions mentioned above by using the ISM, it is necessary to solve the linear equation with the variable coefficient which corresponds to the respective non-trivial boundary conditions. While in the case that the BOT is used, all of the above localized solutions are obtained from exponent.ial solutions of the linear equation with u(z, t) = O. Furthermore, naturally extending the BOT to t.he M-times BOT such as Eq. (8) enables one t.o construct the multi-soliton (dromion, lump and so on) solut.ion explicit.ly in terms of grammian determinants (13)rv(16), (19) and (25)rv(31).
The transformation (13) was first given by R. Hirot.a to construct the bilinear form for the (1+ 1 )-dimensional Heisenberg ferromagnet equation 9) and was applied to the Ish-II equation in Ref. 1). In this paper Eqs. (13) and (14) (or (16)) were derived automatically by the BOT as the generalization to the Ish-I equation of the t.ransformation in Ref. 9) .
In §5 the new localized solutions were constructed. These include solutions obtained from t.he superposition of the exponent.ial funct.ions and the lump solution for which minimal values change.
